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The analysis of complex OH emission spectra at the four ground-
state frequencies in terms of Zeemon patterns requires an accurate
knowledge of the rest frequencies of the four lines. The most accurate
values available are those of Radford (l96k) as shown in Teble I, Although
' tho quoted accuracy of the frequencies is + 2 ke/s, and otatod to be four
times the standard deviations of the measurements (Radford, 196ﬁ),'it is
cleaxr the values given are mutually inconsistent. The line rest

frequencies must obey the sum rule

Vigro * V1700 = Vasss T Viesy ’ (1)
and the values of Teble I fail by 5 ke/s. A dgscrepancy of this amount is
equivalent to approximately 1 km/s in radial velocity, so that attempting
to match velocity components in complex spectra befﬁé;n any tﬁo OH lines
becomes subject to some uncertainty.

Partially to overcome these difficulties, a series of high (frequency)
resolution absorption observations were taken in the direction of Cassiopeia
A, DPrevious Cas A observations showed excellent agreement between laboratory
a#d astronomical determinations of the OH rest frequencies assuming that
the interstellar OH had the same radiai velocity as hydrogen, but
observations had only been made at 1665 and 1667 Mc/s (Radford, 1964), In
addition, the OH gbsorption lines in the direction of Cas A at radial
velocity - 0.8 km/s have been shown to be split into two lines of width 45
ke/s (Barrett, Meeks and Weinreb, 196k), thereby makinggfhe Cas A absorption
iines at velocity -0.8 kn/s well—;uited for an accurate:determination of the
rest frequencies. The observations reported here were made with the 1l40-foot -

telescope of the National Redio Astronomy Observatory at the Green Eank,

West Virginia, field station, The receiver was similar to that used in our




carlier polarization studies (Barrett and Rogers, 1966).

The -0.8 km/s ebsorption line in Cas A is well split into two
components at both 'i665 and 1667 Mc/s as shown in Fig. 1. The line ratiocs
are in the ratio 5:9, within the noise limitations of the observations y
and ogree with the previcus cbservations of these twe lincs (Ba.rra{ﬁ , dmuoks,
and Weinreb, 1964), However, as can be seen from Fig. 1, meither the
1612 nér the 1720 Mc/s linés show the splitting. Not only was this resw.¢
guite unexpectéd, but it prevents a determination of the rest frequencies
of the lines watil it is unders’cooé.

Note that the 1720 Mc/s observations shown in Fig. 1 may give
evidence of OH emission &t a velocity of approxdmetely 1 km/s é.l‘bhough the
noise level of the measurement is such that further observations are
required to confirm this. It is also clear from Fig. 1 that the absorption
at 1612 Me/s is greater than that which would be predicted if the 1612
1665: 1667: 1720 intensity ratios were 1:5:9:1., Since the optical depths
are less than Ob.Oe, departures from the theoretical line intensities cannot
be a.‘t,tribv.;.ted to effects of large optical depths. One might argue that
large optical depths are permitted because of smé.ll angular size associated
with the OH clouds, but the agreement between a:'bsorption at 1665 and 1667
Mc/s with the 5:9 theoretical ratio would seem to rule this out.

‘V'I‘he presence of large absorpiion at 16lé Mc/s and reduced absorption,
or emission, at 1720 Mc/s cen be understood theoretically by considering
energy level-popula.tions. I7 the intensity of each transition Y 3 corresponds

to its own excitation temperature Ti 3 defined in the usual manner,

. Y% 3
. kKT, ‘
Ni = gj. e 3 _ (2)
N .8
then if kTi 3 > hvi 3 it can be shown quite simply that the Ti 3'5 must obey the
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equation,

¥ (3)

1 + 1
T 1665 11667

Ti6i2  Ti7e0

Toxr emall optical depths this equation can be written in terms of thie

observed absorption profiles AT(V) 157

ar(v) + A‘I‘(-v5

1612 1720

. AWV)igps . ATV ig6n (%)
5 ) Qg

-

vhere the denominators 1, 5, and 9 represent the ratios of the optical
depths and are a direct result of the statistical welghts and transition
probabilities of the four lines. If the rest frequencles were accurately

known, Eqn. (4) could be written as a function of radial velocity. Because

the rest frequencies are not accurately known, the velocity scales of Fig.

1 are subject to some adjustment. The observations can be used to test the
velldity of Eqn. (4)‘ , however, by integrating over the line profiles.
Within the noise limitations of the observations, Egn., (4) is found to be
satisfied, ‘

Eon. (4) demonstrates that large absorption at 1612 Mc/s mist be
offset by reduceé absorption, or emission, &t 1720 Mc/s if the 1665 end
1667 Me/s ebsorptions are in the ratio 5:9., Iote that Eqn. (3) is a
general result that must be satlisfied by whatever population mechanism is
responsible for establishing the various energy-level populations., Since
the excitation temperatures Ti 3 may assume either positive or negative
velues, populstion-inverting mechenisms (masering) must also conform with
Eqn. (3). T’he assigning of individual excitation temperatures to the
transitions , which leads eutozatically to Egn. (3), is simply enother way
of stating that the population necharism must give different populations
for the different energy levels, i.,e. the mechanism must be dependent on

the total quantum number, F.
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TAELE I

Laboratory determinations of the OH rest frequencies (Radford, 1964)

Fig.

Transition ' ; Frequency (kc/s)
Fel—2 A 1,612,231 + 2
Fe=l—-1 . : 1,665,010 + 2
F=2—2 : 1,667,358 + 2
F=2-1 1,720,533 * 2

FIGURE CAPTION

o a‘osorptioh spectre in the direction of Cassiopela A, As
noted in the text, the velocity scales can be slightly adjusted

because of the wuncertainty in the rest frequencies.
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